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VARIATION IN BITTERBRUSH{PURSHIA TRIDENTATAPURSH)
CRUDEPROTEIN IN SOUTHWESTERNMONTANA

Carl L. Wanibolti, W. Wyatt Fraas^, and Michael R. Krisina^

Abstract. —The objective of this study was to clcterniine iCcrudc protein \aries sij^iiilicaiitlN duriiiti; late suiimier and

midwinter among stands of hitterbrush {Piirshia trklentata Piush) in southwestern Montana. A secondaiy objective was

to determine if leaves, when present, contribute significant additional protein in the region. Nine sites with different

en\ironniental conditions and witliin a radius of 14.5 km were studied. Bitterl)rush leaves and leaders collected in

August 1990 and 1991 and FebruaiT 1991 were used for crude protein and leaf-to-leader ratio determinations. Crude

protein difTered (F < 0.001) among sites for both leaves and leaders on individual collection dates. Crude protein in

lea\es was nearly twice the level found in leaders. Because few leaves were present in Februaiy, they increased crude

protein in total foliage by only 0..3% over twigs alone. Feliruan' crude protein levels averaged 6.8% for total foliage,

which is below the estimated requirement for wintering deer.

Kcij words: Purshia tridentata, hitterhrush, crude protein, winter range, big game nutrition, Montana.

Protein is one of the most important nutri-

ents for wintering ungulates (Dietz 1972).

Welch et al. (1983) estimated that winter crude

protein levels o{ Purshia trklentata Pursh (hit-

terbrush) are not high enough to meet ungu-

late requirements, but postulated that protein

content might vaiy with populations of bitter-

brush. Differences in hitterbrush protein con-

tent between sites have been noted (Giunta et

al. 1978), although not between local habitat

types (Morton 1976). Slausen and Ward (1986)

found no difference in crude protein among 3

Colorado accessions in a common garden, but

Welch et al. (1983) found differences in a com-

mon garden test with plants from a wider geo-

graphical area. No differences in nutrient con-

tent have been found at varying browse levels

of hitterbrush plants (Dietz et al. 1962, Shep-

herd 1971). Crude protein levels were higher

when winter leaves were present (Dietz et al.

1962), but winter leaf presence varies between

populations of hitterbrush (Welch et al. 1983).

Our objective was to determine if crude pro-

tein varies significantly during late summer and

midwinter among stands of hitterbrush in soutli-

western Montana. Secondarily, we wished to

determine if hitterbrush leaves in our region

contribute significant additional crude protein

quantities when present.

Methods

Study Sites

Nine study sites were chosen primarily to

represent hitterbrush stands from a range of

environmental conditions (Table 1). This in-

cluded burned sites and hitterbrush sites pro-

tected from browsing. All study sites were

located within a radius of 14.5 km near Butte

and Anaconda in southwestern Montana. Long-

term climatic records were available for the

general study area from the Anaconda weather

station at 1700 m elevation. Annual precipita-

tion at Anaconda averages 340 mm, with 47%
received between April and July (NOAA 1991).

Vegetation types at all but 3 sites (burn,

unburn, and High Rye) were serai stages of the

bitterbrush-bluebunch wheatgrass {Agropijron

spicatum Pursh) habitat type (Mueggler and

Stewart 1980). The dominant shrub was hitter-

brush, but understoiy vegetation was regressed

(Fraas et al. 1992) on the other 6 sites from the

described potential climax composition (Youtie

et al. 1988).

The Butte site at Maude S Canyon, near

Butte, Montana, was selected because it re-

ceives no ungulate browsing. The plant com-

munity consisted of bitterbmsh, Centaurea mac-

ulosa Lam. (spotted knapweed), Ribes cereum

Dougl. (squaw currant), and Rosa woodsii

Lindl. (Woods rose).
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Table 1. Topographic characteristics of the 9 study sites.

Data from the last 4 sites were obtained from Guenther

(1989).

Site
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Soil samples were obtained at a depth of 15

cm below the surface fiom a soil pit in each

study plot. Because soils at most sites con-

tained a large rock fiaction, it was necessan' to

sample at the relatixeK shallow depth of 15 cm
to standardize sampling. The Montana State

Unixersity Soil Test Laboratory performed

organic matter determinations and total Kjel-

dahl nitrogen analyses on all non-MHWMA
samples. Texture was determined by both the

h> drometer and Bouyucous mechanical analy-

sis methods. Soil pH was determined in 1 part

soil to 2 parts water extractions. Topographic

information was also recorded at each site.

Aspect was determined by taking a compass

bearing from the major slope. Slope was mea-

sured widi a clinometer. Elevation was deter-

mined from USGS topographic maps. The
information from MHWMAsites was derived

from Guenther (1989).

A one-way ANOVA, with site as the factor,

was conducted for each sampling date and pro-

tein source combination (Snedecor and Coch-

ran 1989). This was done with the knowledge

that protein sources (leaves or leaders) con-

tained veiy different levels of crude protein

within each sampling date. Site was also the

factor in an ANOVAfor percent leafiness for

the Febiaiaiy 1991 sample. The least significant

difference (LSD) method (F < 0.05) protected

by a prior F-test (F < 0.05) was used for com-

paring treatment means (Snedecor and Cochran

1989).

Results and Discussion

Crude protein levels differed (F < 0.001)

among sites within each protein source and

collection date combination (Fig. 1). Thus, we
rejected the hypothesis that crude protein val-

ues are equal during August and Februaiy

among local stands of bitterbnjsh. Crude pro-

tein in the leaves, when averaged over all sites,

varied with a 13% to 10% decline from August

1990 to FebiTjaiy 1991 and subsequent increase

to 15% by August 1991. Crude protein in the

leaders for these 3 dates was 7.1%, 6.5%, and

7.2%, respectively, when averaged over all

sites. These crude protein levels generally

agreed with previous reports for bitterbrush

throughout its range (Dietz et al. 1962, Bay-

oumi and Smith 1976, Morton 1976, Tiede-

mann 1983, Welch et al. 1983).

Protein levels also differed (F < 0.001)

among the 3 collection dates (Fig. 1). When all

sites were pooled, August leaf protein increased

11% between years (F < 0.05) and February

leaf protein decreased 21% from August levels

(F < 0.001). Leader crude protein did not vary

significantly between years but was higher in

August 1991 than during the previous Febni-

aiy (F < 0.05).

The unbrowsed Butte site rated highest in

crude protein (Fig. 1) for 3 of the 6 measure-

ments, although none was significantly higher

than the next lower site. When the Butte site

was compared to the aggregated crude protein

levels of the other 8 sites, it was significantly (F

< 0.05) higher for both leaves and leaders in

August 1990, but did not differ from browsed

sites in Febiaiar)' or August 1991. Thus, it does

not appear that browsing affects crude protein

levels.

Protein values for the 4 MHWMAsites were

lower for August 1990 leaves (F < 0.07) and

leaders (F < 0.01) than for other sites and col-

lectively rated lowest for 4 of the 6 measure-

ments. These site differences were not expected

fi-om Morton's (1976) work, but were supported

by that of Giunta et al. (1978) and Welch et al.

(1983).

Bitterbrush crude protein levels on the deer

+ cattle site were 1% higher (F < 0.05) than

on the adjacent cattle exclosure site for August

1990 leaves (Fig. 1). Other protein levels did

not differ significantly between these 2 sites.

Although a difference in use might thus seem

to affect protein levels on these sites, the

unbrowsed Butte site had higher protein levels

than browsed sites in August 1990 (F < 0.05)

and no difference in February or August 1991.

Related to these site and possible popula-

tion (Alderfer 1977) differences are soil differ-

ences. Soil samples from shrub interspaces

(Table 2) contained 49% more soil nitrogen at

the Butte site than at the burn and unburn

sites and 78% more than at the cattle exclosure

and deer + cattle sites. Bayoumi and Smith

(1976) found a positive response of bitterbrush

protein levels to fertilization with nitrogen,

although Tiedemann (1983) found slighdy neg-

ative to no response to fertilization. However,

most desert shmbs accumulate nutrients under

their canopies, and the surrounding interspaces

have low nutrient content (Garcia-Moya and

McKell 1970, Tiedemann and Klemmedson

1973), conditions that we did not sample.
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Fig. 1. Average percent crude protein in I)itterhnish Iea\es and leaders found in August 1990, Februaiy 1991, and

Augirst 1991. Protein values within eacli protein source and collection date with similar lowercase letters are not signifi-

cantK' diflercnt (LSD, P > 0.05). Insufficient leaf material was available for statistical analysis in Febniar>' 1991.
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Tablk 2. Soil charactt-ristics for stuch' areas, including pll, organic matter (OM), total Kjeldahl nitrogen (N), percent

sand, silt, and clay, and textiiral class. Soil nitrogen was sampled at onl\' 5 sites. Data from the last 4 sites were oI)tained

from Cinenther (1989).

Site
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Table 3. Winter cnide protein content (percent) of bit-

terbrush leaves and leaders combined and percent leafi-

ness (percent weight of leaves per weight of stems) for

study sites sampled Februaiy 1991. Column entries with

similar letters are not significantly different (LSD, P <

0.05).

Site


